Intraductal carcinoma of the prostate (IDC-P) is recognized as a newly pathological entity in 2016 WHO classification. It's role in metastatic castrationresistant prostate cancer (CRPC) remains obscure. We aimed to explore the association of IDC-P with clinical outcome and to further identify its potential predictive role in making first-line treatment decisions for mCRPC. We retrospectively analyzed data of 131 mCRPC patients. IDC-P was diagnosed by re-biopsy at the time of mCRPC. Among total patients, 45 and 41 received abiraterone or docetaxel as first-line therapies, respectively. PSA response, PSA progression-free survival (PSA-PFS) and overall survival (OS) from mCRPC to death were analyzed using Kaplan-Meier curves, Log-rank test, Cox regression models and Harrell's C-index. The incidence of IDC-P in mCRPC reached 47.3%. IDC-P was not only related to rapid PSA progression, but also associated with a 20-month decrease in OS. Among IDC-P(-) patients, PSA response, PSA-PFS and OS were comparable in abiraterone-treated and docetaxeltreated groups. In contrast, among IDC-P(+) patients, PSA response rate is higher in abiraterone-treated group vs. docetaxel-treated group (52.4% vs. 21.7%; p = 0.035). Also, PSA-PFS and OS were much longer in the IDC-P(+) abirateronetreated group vs. the docetaxel-treated group (PSA-PFS: 13.5 vs.6.0 months, p = 0.012; OS: not reach vs.14.7 months, p = 0.128). Overall, IDC-P in mCRPC from re-biopsy was an independent prognosticator for clinical outcome. Abiraterone was observed having a better therapeutic efficacy than docetaxel as the first-line therapy in IDC-P(+) mCRPC patients. Thus, we suggest IDC-P should be considered as a novel predictive marker helping physicians making treatment decisions for mCRPC.
INTRODUCTION
To date, there are at least six FDA approved therapeutic agents for metastatic castration-resistant prostate cancer (mCRPC) [1] . Among them, Doc-based chemotherapy and androgen receptor (AR)-directed agents are widely used as first-line therapies [2] [3] [4] [5] [6] . However, after an initial response, drug resistance inevitably occurs. The exact mechanisms of drug resistance remain poorly understood [7, 8] . Additionally, optimal therapeutic sequencing strategies for mCRPC are unknown and treatment-guiding markers that could eventually improve this plight are still lacking.
Few biomarkers, such as androgen receptor variant 7 (AR-V7), are considered as predictive markers for optimizing therapeutic schemes for improving treatment selection for patients [9, 10] . However, even the detection of AR-V7 has limitations [11] .
Intraductal carcinoma of the prostate (IDC-P) was usually concomitant with acinar adenocarcinoma in prostate cancer (PCa) patients [12] . Due to its morphological features and highly aggressive behavior, IDC-P has been recently recognized as a new pathological entity in the 2016 WHO classification [13] . In our previous studies, IDC-P at initial diagnosis of metastatic PCa was found to be independently associated with shorter time to mCRPC and poorer overall survival (OS) [14] . Among mCRPC patients, incidence of IDC-P obtained by re-biopsy was increased, and patients with IDC-P were clearly associated with rapid disease progression [15] . More interestingly, we also found that IDC-P(+) mCRPC patients were unlikely to be sensitive to docetaxel (Doc)-based chemotherapy [15] .
Taken together, it appears that IDC-P is a culprit for the progression of PCa. Thus, agents appropriate for this entity could improve outcomes of mCRPC patient. To test this hypothesis, the aims of this study were to explore the association of IDC-P with clinical outcomes from the time of mCRPC, and further to compare treatment efficacy of Doc or Abi in patients with or without IDC-P.
RESULTS

Patient characteristics
Baseline characteristics of the 131 mCRPC patients were summarized in Table 1 . The median follow-up time was about 59 months. Nearly half patients (45.8%, 60/131) died at the end of the cut-off point day. The median OS (from mCRPC to death) was 26.0 months. Of note, compared with initial biopsy, IDC-P at re-biopsy nearly doubled from 27.5% (36/131) to 47.3% (62/131). According to the results from re-biopsy, patients were subsequently classified into two groups: men with IDC-P (n = 62) and without IDC-P (n = 69).
IDC-P was a strong prognosticator in mCRPC
IDC-P was observed to be associated with relatively shorter CFS (median CFS: 9.9 vs.15.1months, p = 0.024, Figure 1A ). Compared to men without IDC-P, men with IDC-P had a more rapid PSADT (median time: 39.9 vs.47.1days, p = 0.031, Figure 1B) , and larger proportion with PSADT less than 30 days (23/62, 37.1% vs. 13/69, 18.8%, p = 0.019). Furthermore, the presence of IDC-P significantly reduced OS by nearly 20-month compared to IDC-P(-) patients (HR = 2.28, 95% CI:1.35-3.86; 14.7 vs.34.5 months, p = 0.002) ( Figure 1C and Supplementary Table 1 ). In addition, other parameters, including PSADT, GS, CFS, therapeutic strategies and pain score were also risk factors of OS (Supplementary Table 1 ).
Cox proportional hazard models were conducted to identify predictors of OS. Both univariate and multivariate analyses indicated that IDC-P status was one of the most significant predictors of OS. Notably, the addition of IDC-P status could dramatically improve the C-index of the basic model (0.756 vs. 0.777, p = 0.018, Table 2 ), confirming the powerful prognostic value of IDC-P in mCRPC.
IDC-P had different impacts on the therapeutic efficacy of Doc or Abi
Overall, 96/131(73.3%) patients received standard first-line therapies. Among them, 55 and 41 patients were treated with Abi or Doc, respectively. Men with first-line treatments obtained a significant survival benefit compared with those without standard therapies (n = 35), with a 15-month improvement in OS (30.7 vs. 15.8 months, p = 0.006). To explore the predictive role of IDC-P in different therapeutic schemes, men with or without IDC-P were further compared. In men without IDC-P, there appeared to be no difference in impact on PSA response between therapies, with both agents producing similar response rates (55.6% vs. 56.7%, p = 0.703, Figure 2B1 and Table 3 ). Of note, IDC-P(+) patients had a clear predisposition for unfavorable PSA response after receiving Doc, but not Abi (21.7% vs. 52.4%, p = 0.035, Figure 2A1 and Table 3 ). Moreover, in men with IDC-P, median PSA-PFS was significantly more prolonged in the Abi-treated group than in the Doctreated group (13.5 vs. 6.0 months, p = 0.012). However, in those without IDC-P, such tendency could not be observed between these two treatment groups ( Figure 2A2 and 2B2). Additionally, Abi could extend mean OS by nearly 9-month compared to Doc for IDC-P(+) patients, although this difference did not achieve statistical significance (p = 0.128) ( Figure 2A3 ). No difference in OS was observed between Abi and Doc treated IDC-P(-) patients ( Figure 2B3 ). Cox regression further indicated that therapeutic scheme could have a remarkable power to predict disease progression in IDC-P(+) men. Notably, Abi was associated with prolonged time to PSA-PFS (HR = 0.33, 95% CI: 0.14-0.79, p = 0.013), and could significantly increase the predictive accuracy of the standard model, with an increase of the C-index from 0.719 to 0.778 (p = 0.009) ( Table 4 ).
In our previous study, subtypes of IDC-P seemed to further impact therapeutic efficacy in mCRPC patients.
[15] Therefore, IDC-P(+) patients were further subclassified and analyzed according to different subtypes. Among 44 patients with IDC-P who received standard treatment, 29.5% (13/44) were pure cribriform pattern while the other 70.5% (31/44) consisted of either solid or mixed patterns (with or without comedonecrosis) and were defined as non-pure cribriform pattern. Interestingly, men with pure cribriform pattern had similar PSA response rates to either Abi or Doc (Table 5) . However, patients with non-pure cribriform pattern had a significantly reduced PSA response rate to Doc compared to the PSA response rate when treated with Abi (1/16, 6.3% vs. 7/15, 46.7%, p = 0.015, Table 5 ). This finding suggested that the poor sensitivity of IDC-P(+) patients to Doc might be further related to different subtypes of IDC-P.
DISCUSSION
In the current study, we showed that IDC-P in men with mCRPC was associated with faster disease progression and shorter OS than those without IDC-P. We
Median ( 73 (55.7%) *Owing to the endocrine response caused by androgen deprivation therapy, Gleason score at re-biopsy could not be evaluated accurately. Therefore, Gleason score at the initial biopsy instead of the re-biopsy was given in the table. IQR = interquartile range; CRPC = castration-resistant prostate cancer; CFS = CRPC free survival; IDC-P = intraductal carcinoma of the prostate; BSC = best supportive care; ECOG = Eastern Cooperative Oncology Group; PSA = prostate specific antigen; PSADT = prostate specific antigen doubling time; HGB = hemoglobin; LDH = lactate dehydrogenase; ALP = alkaline phosphatase. further demonstrated that Abi might have superiority to Doc in patients with IDC-P, especially non-pure cribriform pattern. Therefore, the totality of our data suggested that IDC-P might not only represent a prognostic harbinger, but also a predictive marker aiding therapeutic selection in mCRPC.
Since 2010, Abi and Enzalutamide have been sequentially approved by the FDA as standard firstline therapeutics for mCRPC [4] [5] [6] .These novel agents, together with Doc, provide more opportunities and choices for treatment of this intractable disease. However, some men do not benefit from these agents. A key issue is to determine how to select optimal treatment regimens to achieve optimized personalized therapy. Unfortunately, predictive biomarkers that can guide optimal treatment choices for patients are still limited. In 2014, the association of AR-V7 with Abi-or Enzalutamide-resistance in men with mCRPC was first reported [9] . Yet, recently, Bernemann and his colleagues questioned and challenged the predictive value of AR-V7 [11] . Besides, the detection of CTCs, which can be subsequently probed for AR-V7 expression, relies on specific cell surface antigens. Due to the high heterogeneity of tumor cells, inconclusive results are sometimes unavoidable [16] .
IDC-P was firstly described by Kovi et al. in 1985, [17] but recently, interest in its role in the progression of PCa has increased. Several studies have initially looked at the prognostic significance of IDC-P in patients with localized PCa (Supplementary Table 2 ). Linderberg identified the area in the prostate that gave rise to metastases by exome sequencing, searching for clonal relationship between multiple primary tumors and metastatic lesions. They discovered that IDC-P in the primary tumor was the potential origin for distal metastasis [18] . The latest studies reported that BRCA2 mutations coupled with PTEN loss were associated with the evolution of IDC-P [19, 20] .
In the past 5 years, our group has focused on the association of IDC-P with metastatic PCa. Our previous data showed that IDC-P was associated with rapid occurrence of mCRPC, adverse outcome and resistance PSA response was defined as a PSA decline over 50% from the baseline. OS = overall survival from CRPC to death; PSA = prostate specific antigen; PSA-PFS=PSA-progression free survival; IDC-P = intraductal carcinoma of the prostate; CI=confidence interval. to chemotherapy in patients with metastatic disease, and that detection of IDC-P dramatically increased with disease progression [14, 15] . In this study, we further investigate the association between IDC-P and clinical outcome in mCRPC patients. Here, we demonstrate that when compared to IDC-P(-) patients, IDC-P(+) patients have a more rapid PSADT and nearly 20-month shorter median OS. After adjusting for treatment selection, baseline patient characteristics and pathological variables, IDC-P retained its prognostic efficacy. Taken together, our current and previous findings suggest that IDC-P should be recognized as a critical risk factor in predicting clinical outcome throughout all stages of PCa, and adequate attention should be paid to the precise diagnosis of IDC-P in PCa patients.
Another important finding of this study is that IDC-P could be a potential marker in predicting insensitivity to Doc-based chemotherapy. This could help physicians make decisions to select optimal first-line therapeutic regimens. Unlike so called "liquid biopsies", the diagnosis of IDC-P relies on available tissues obtained from the tumor. However false-negative diagnosis is possible. Improvement of biopsy technique may increase the predictive value of IDC-P for mCRPC patients.
At the time of re-biopsy to confirm mCRPC, almost half patients (47.3%) had detectable IDC-P. Importantly, among patients receiving Doc, there was a significant difference in PSA response, PSA-PFS and OS (from mCRPC to death) according to IDC-P status. Subanalysis according to IDC-P patterns further confirmed that the poor sensitivity of IDC-P(+) patients to Doc was mainly from non-pure cribriform pattern. Multivariate analysis and C-index suggested IDC-P status could be a powerful predictive factor aiding the selection of optimal therapeutic regimens as first-line therapy. Till now, evidence has supported the predictive role of AR-V7 in precluding Abi or Enzalutimade as firstline therapy for mCRPC, [9] while our result observed the promising predictive role of IDC-P in precluding Doc as first-line therapy. Future work may lead to optimal and personalized therapy based on combined detection of AR-V7 status from "liquid biopsy" and IDC-P status from "tissue biopsy".
In contrast to other studies from more developed countries, a majority of patients (88/96, 91.7%) in the present study seemed to only be able to get one standard therapy for mCRPC mainly due to the heavy socioeconomic burden. Undoubtedly, for these patients, it is of crucial importance to select optimal first-line treatment.
Several limitations exist in our study. Due to a relative small-size retrospective study with data from a single medical center, selection bias cannot be ruled out. Besides, because of non-persistently performed of radiological examinations, radiological changes could not be evaluated for every patient enrolled in this study. Importantly, exact mechanisms of primary resistance to Doc associated with IDC-P are unknown, and still remain to be elucidated.
In conclusion, first-line treatment options for mCRPC are increasing but optimal strategies for each patient are unknown. Additionally, treatment-guiding markers are few and poorly understood. We found that the presence of IDC-P easily obtained from needle biopsy is an independent prognosticator for clinical outcome in mCRPC patients. This result along with our previous work demonstrates the potential importance in assessing IDC-P status at every stage of PCa. Interestingly, IDC-P, especially the non-pure cribriform pattern, appeared to be associated with much poorer response to Doc than Abi in mCRPC patients. IDC-P status should be considered as a novel predictive marker helping physicians preclude Doc as first-line therapy. Future work to understand the mechanisms driving these altered therapeutic responses will improve our understanding of this prognosticator. Additional efforts using larger-scale studies will aid in validation of our findings.
MATERIALS AND METHODS
Study design
From 2009 to 2016, a total of 131 patients with initially diagnosed bone metastatic PCa who had progressed to mCRPC in West China Hospital were enrolled. After signing informed consents, all patients received prostate biopsies at the time of initial diagnosis 
Outcomes
Baseline characteristics of 131 patients were collected at the time of mCRPC, including IDC-P status, age, CFS, castration type, visceral metastasis, ECOG score, pain score, number of bone scan lesions, PSA doubling time (PSADT), serum prostate specific antigen (PSA) level, serum testosterone level, serum hemoglobin (HGB) level, serum lactate dehydrogenase (LDH) level and serum ALP level. Owing to the endocrine response caused by androgen deprivation therapy (ADT), Gleason score (GS) at re-biopsy couldn't be evaluated accurately. Therefore, GS at the initial biopsy was used for analysis. All the biopsy specimens were successively processed as following steps: fixed in 10% buffered formalin, paraffinembedded, cut at 4-mm thickness, and stained with hematoxylin and eosin. IDC-P status was reviewed and reported by two independent urological pathologists according to Epstein's criteria, which is malignant epithelial cells filling large acini and prostatic ducts, with preservation of basal cells forming either: (1) solid or dense cribriform patterns or; (2) loose cribriform or micropapillary patterns with either marked nuclear atypia (nuclear size 6 × normal or larger) or comedonecrosis. [21] The pathological images of the positive cases could be referred to our previous study [15] . mCRPC was defined according to 2014 EAU guidelines, i.e., three consecutive rises in serum PSA, occurring 1 week apart, resulting in two 50% increases over the nadir, with a PSA> 2 ng/ml, despite a castration testosterone level (< 0.5 ng/ml) [22] .
PSADT was calculated according to the MSKCC online nomogram by using the first three PSA measurements after mCRPC [23] .
The primary endpoint was PSA response (≥ 50% decline in PSA level from baseline, maintained for ≥ 4 weeks) and PSA-PFS. PSA-PFS was defined as an increase in the PSA level of 25% or more above the nadir (and by ≥ 2 ng/ml), with confirmation 4 or more weeks later according to PCWG2 criteria. [24] Secondary end point was OS defined as the time from the initiation of therapy after mCRPC to death from any cause.
Statistics
Mann-Whitney U test, chi-square test, and Fisher exact test were used to determine the statistical significance among different variables (SPSS 20.0). PSA-PFS and OS were assessed by Kaplan-Meier curves, while differences between the survival curves were compared by Log-rank test. Multivariable analyses were adjusted for CFS, GS, Eastern Cooperative Oncology Group (ECOG), ALP, LDH, therapeutic scheme and IDC-P status. To avoid multicollinearity and overfitting of models, factors including PSADT, pain score, bone scan lesions, baseline testosterone and baseline PSA were not included. Harrell's C-index was used to further assess the discrimination of models (R software). A p < 0.05 was defined as statistical significance.
Abbreviations
Abi = abiraterone; ADT = androgen deprivation therapy; ALP = alkaline phosphatase; AR-V7 = androgen receptor variant 7; BSC = best supportive care; CFS = CRPC-free survival; Doc = docetaxel; ECOG = Eastern Cooperative Oncology Group; GS = Gleason score; HGB = hemoglobin; IDC-P = intraductal carcinoma of the prostate; LDH = lactate dehydrogenase; MAB = maximal androgen blockade; mCRPC = metastatic castrationresistant prostate cancer; OS = overall survival; PCa = prostate cancer; PFS = progression free survival; PSA = prostate specific antigen; PSADT = PSA doubling time.
